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Impoundment No. 3
Fansteel Metels
Muskogee, Oklahoma

tants, Inc. (ESC) has co

uskogee, Oklahomz to deli

iated with

on, groundwgrer conductiv
5 imp“”ted by the spill

the July 18,
Because wastewzter spilled Zrom the impoundment reportedly had a

mpleted geophvsical surveying
3 gt the Tansteel Metals
neate & potentiel groundwater
19B9 impoundment fezilure.
low pH ané
ity velues should be signifi-
ed wac:ewa:e:. Therefore, to

delinezte anomzlous conductivity areas (which are assumed te correlate with
pozentiel groundweter contaminaliion \, an exectroragn tic terrezin conductiv-
ity (ZM) survey was conducted over :the zrez cisplaved In F:gu:e 1.

The EZIM unit used for this survev ves & Geonics Limiteld EM34-3 ground
conduciivity meter. The unit consiste of receiving &nd trensmitiing coils
rith essocizted hardwere to generz:ie ani measure electromagnetic fields.
The coils are elweave oriented sucth thet they are corplianer, bdbut their axes
cen be eilther verticel or horizontei., Witk the coll zxes orientec horizon-
tzliy, the effeczive deptn of investigetion (skin cepth) 1s zpproximately
0.75 times the coil sepzration. Witk zhe ccil axes vertical, the skin depin
is zpproximately 1.2 times the ceil seperetion. It :=he le:iter configure-
tion, the instrument is less sencitive tc near-suriace Zayo's but more
sensizive to lazterei conmducctivicy veristions which mey produce spurious
reacings.
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This unit measures the electrical conductivity of the ground by inducing
eddy currents then mezsuring the secondery magnetic field produced. The
inducing field 1s procduced by the trensmitter coil that is separseted by &
fixed herizontal dictance from the receiv*ng coil. The instrument messures
ground conductivity in units of milliciemens per meter with the measured
value being an apparen:t conductivity of the earth volume between the ground
surface and an effective penetrgtion depth determined by the cimensions and
configuration of the instrument. The value is a weighted average such that
the conductivities of cdeep lavers of soil and water contribute less to the

measured value than do the conductivities of shallow layers.

rt

Dets Acquisition and Reduction

To provide reference points for delinesting the extent of anomalous
conductivity plumes and to provide unbiased measurement locations, a 50-foot
center~to-center hand-surveved grid was established over the srea shown in
Figure 1. Because of cultural interferences (man-made interference such as
buried pipelines or Zences) and date Teguirement needs, the grid was
modified during survey operstions. TFigure 2 presente actual measurement
locations obtained during the course of dets acquisition. To conform with
standard geophysical practice, the grid was oriented in a north-south direc-
tion. To assess whether potentially contazinated groundwater has migrated
off site, additional measurements were obtained off the surveved grid to the
north anc éast of the impoundment. These are shown in Figure 2 as &ll
measurement locations east of Line 925 on the X-axis. (Data locations are
referred by their X-zxis position and then their Y-axis position with &
comma separating the two.)

Two sets of EM data were collected during the course of the study. At each
measurement locetion, readings were taken wi‘h the coils in the horizonta
and vertical éipole corniigurations using & l0-meter fixed coil sepzratiorn.
This procedure vielded two cistinct sets of catz representing skin depths of
zpproximetely 23 and 50 Zeet, respectively, Dbecause groundwaier rangecd
between 15 to 25 feet below ground surface, these skin depths were suiii-
cient to investigate groundwater conductivities.

eted, it vas necesszry to Teduce the date
retati Because grouné conductivity

Al
(1

in & line formz:, the date &
ments to delinezte conductiv
ot
é

set efficiently, & computer
thoé of gridding was usec to
ncements necessary to interpre:

Results
The dete collected duving cthis inves:iga:;c* vere in:erpreted o delinezte
anomalous conduc:tive plumes that could indiceste the presence of groundwater

th ¢

a ce €
contaminetion. In &dcdition, the data were eveluzted to assess :ne impaci ©
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cultural interferences on date quality and to interpret the validated dats
in terms of waste distributions and possible contaminant sources.

Figure 3 is an isopleth wmap of EM data with an effective depth of penetre~
tion cf 25 feet. TFigure 4 cdisplavs the seme date but as en Isometric
enhancement. Inspection of these two figures reveels a large magnitude
linear conductivity anomaly running due north from Position 250,300 to
approximately 250,600. ©Because of the linear nature, very high amplitude
main bodv, &nd sharp transverse cutoff, the anomaly i1s considered a cultural
interference (possibly a buried powerline or pipeline). The remsinder of
the deta displayed in these figures appears to be free of cultursal
interferences.

Conductivity measurements adjacent to the impoundment displav elevated
readings as would be expected considering the size of the spill, However,
further inspection of the date displays subtle decreases in conductivity
values with increasing distance from the impoundment. Approximately 200
feet north of the impoundment, conductivity values drop to background levels,
This correlates with the existing groundwater chemistry data that indicate
contaminant migration to the north is not occurring. Because the large
amplitude cultural interference to the west of the impoundment would mask
conductivity anomalies generated by potential groundwater contamination, an
evaluation of groundwater impacts in this direction cannot be made.
Measurements taken in the vicinity of Outfall No. 3 indicate conductivity
values drop to background levels within approximately 180 feet northeast of
the impoundment. (Outfall No. 3 is loczted along the northeastern fence
line in the downgradient direction.) Therefore, based on the geophysicel
data to the east and northeast, it appears that groundwater contamination
has not migrated beyond the fence line in this direction. However, becsause
of significant elevation changes in this direction, accurate conductivity
measurenments could not be obtained., Therelfore, the gecrhysical dzie may not
be representative of true groundwazter conditions in this Girectiozn.

Figure 5 is an isopleth map of EM date with an effective depth of penetra-
tion of 50 feet. TFigure 6 displavs :he seme Cate but Im an isometric
enhancemeni. In generzl, there is & good correlation cf conductivicy trends
between these Catz anc the shasllower dzzz. However, the 1i

between Positions 250,200 and 250,600 is more pronounced and the cat
B! reater veriation in amplitude. This 1s :tvpicel witl
because the INM34 sensor is more sensitive to later

c
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e
ions and is prone to be influenced by neardby metelli

In sucmery, both the verticzl anc horizontzl cipole EM data coupled with
cthemistry czte provide evidence thzt near-suriace grouniwalter has
¢ by wvastewazier relezsed Zrom Impoundment Fo. 3 during the
undment Zgilure. The gecphvsicel da ¢ groundwater
rovide evidence that groundwater 200 feet to the north of
s not been impactecé by the spill and that contaminan:t
200 feet in this direction 1s not occurring. Croundwater
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impacts to the west, east, and south of the impoundment cannot be determined
because of the cultural interferences. Should vou have any guestions,

please contact us.

Sincerely,

David R. Perry
Project Hvdrogeologist

Scott C. Blauvelt
Director Geosciences

DRP/SCB: kms
Enclosures

cc: M. Mocniak
T. S. Carlile, Jr.
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